This paper reports on a research project that examined the test scores of students who took part in an online information literacy course. Researchers analyzed the pre-and post-test scores of students who received different types of instruction including a traditional one-shot library session and an online course. Results show that students who participated in the online course demonstrated significant improvement in their test scores compared to the other students. This study shows freshman students' needs for more comprehensive information literacy instruction. It also shows that information literacy instruction can be effective when delivered online.
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Background
The University of Arizona Libraries (UAL) has had a decades-long history of working with the English Department's Freshman Writing Program in support of the goals of the General Education Curriculum. Until recently, information literacy (IL) instruction for composition courses had traditionally taken the form of one-shot, fifty-minute sessions for individual course sections. However, beginning in late 2008, the libraries strategically began moving more of their instructional activities online in an effort to more efficiently and effectively deliver information literacy instruction to a greater number of students in an anytime/anywhere environment. With a yearly increase in student enrollment and a decrease in librarians available to teach face-to-face, the libraries needed a means to reach over 5,000 students enrolled in the program each year. To this end, the libraries developed its first online credit-bearing course, the Online Research Lab (ORL).
The ORL is a one-credit information literacy course offered to first-year students enrolled in a required English Composition course, English 102, at the University of Arizona. The ORL course was developed by librarians and has been offered to students since the fall of 2009. Students take the ORL course entirely online over a ten-week period. It is taught by trained graduate assistants from different university departments.
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The Association of College and Research Libraries Information Literacy Standards were used in the development of course content, and course topics range from narrowing and selecting topics to using databases effectively. Coursework in the ORL was specifically designed and paced to support the assignments and learning objectives of the English 102 syllabus. A more detailed account of the development of the course is available in Mery et al. 1 UAL instructional librarians needed to determine if this new course would be as effective as the abandoned traditional one-shot session. Researchers (in this instance, the librarians who developed the course) needed to know where students were struggling so they could make adjustments to the course content. In addition, there was doubt among librarians that this new format could be as effective as the face-to-face method where students' questions could be answered immediately and where meaningful contact was the norm. It is not uncommon for this type of doubt and apprehension to take place when online instruction is introduced in the library. 2 To address these concerns, researchers designed a research study that would allow them to answer the following research questions:
1. Does the type of information literacy instruction (one-shot library session and an online course) students receive affect their learning outcomes? 2. If there is evidence of learning across different types of information literacy instruction, does the type of instruction affect skill sets differently?
Literature Review
The library literature for the past twenty years has provided a great deal of evidence that online instruction is as effective as traditional (face-to-face) library instruction. 3 Online instruction is seen as a solution for provision of instruction for a seemingly never-ending increase in student enrollment and campus administrations' demand for online instruction. 4 The use of online tutorials provides a consistent standardized instructional delivery mechanism as well as a selfdirected engaging learning environment. 5 The online environment lends itself to providing students with instant feedback on their learning. 6 For students who can only take online classes, such as distance students and nontraditional students, providing instruction in an online environment allows this group of students the same opportunities to learn information literacy skills and concepts. 7 Zhang, Watson, and Banfield 8 conducted a systematic review of academic library studies on the effectiveness of computer-assisted instruction (CAI) vs. face-to-face instruction published between 1990 to 2005. Of the ten studies that met the authors' criteria, nine of the studies concluded that CAI and in-person instruction were equally effective in teaching basic library skills. Further, those studies that included evaluating students that did not have any library instruction, both CAI and face-to-face instruction, provided evidence that there were gains in student learning compared to those students with no instructional intervention.
The tenth study in the Zhang,Watson, and Banfield review found that first-year sociology students who had in-class instruction with a hands-on exercise did better on the post-test on average than those students taking the online tutorial. 9 One of the research design problems with this study is that the pre-test occurred at the beginning of the session and the posttest occurred at the end of the session. Since there was very little time between tests, it is difficult to determine if there was any long-term acquisition of IL skills. In the Zhang, Watson, and Banfield review, there were four studies where the post-test was given immediately after the instruction. For the other six studies, the time lapse ranged from less than a week to six weeks later. Only one study in the review used different pre-and post-test
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questions. The authors note that it is better to use different questions in the post-test when there is a short time period between the pre-and post-tests. Using a different set of questions that test the same concepts in the post-test can provide evidence that students are learning the concepts rather than just memorizing the answers.
In another instance, Silver and Nickel 10 compared 300 students' post-test scores in a undergraduate psychology course. They found that the online tutorials and in-class instruction were equally effective when measured on a post-test. Some library research studies have sought to determine the comparative effectiveness of three different modes of instruction: online, in-class and a hybrid model of both online and in-class instruction. 11 Anderson and May 12 administered pre-and post-tests to 103 undergraduates in a face-to-face class, an online tutorial with a face-to-face presentation, and a totally online tutorial taken independently. Both the pre/post-test analysis showed that students did not significantly differ in their library research skills. The pre-test scores were quite high and the post-tests showed modest gains. This could be due to the nature of the questions. The authors did not indicate that the test items were analyzed for validity or reliability. For the Library Research exercise, students had to select a topic to present and conduct a keyword search using Boolean operators to locate references. Analysis showed that the students did not differ significantly in the results on the Library Research exercise. The authors concluded that the students may have previously had some IL instruction in their Freshmen English course. In addition, students had to create a persuasive presentation that required finding supporting information and using APA citation style for their bibliography. Students who had online instruction did better in the persuasive presentation than the students in the other two instructional environments. The authors suggest that this probably had more to do with the evaluation and synthesis skills taught by the students' graduate teaching assistant than the information literacy module that focused on information-seeking skills. The authors also note that their low sample size (103 students) prevented them from making any generalized conclusions.
Academic librarians at Oakland University (OU) in Rochester, Michigan 13 conducted a study comparing the effectiveness of three different methods of delivering online instruction to Composition II students: online instruction through WebCT, in-class presentations, or a hybrid model of both online tutorials through WebCT and in-class presentations. There were 224 students in the study conducted over a one-week period. All students took pre-and post-tests. All students in the study, regardless of delivery method, showed a statistically significant improvement in test scores from pre-to post-tests. Students who experienced the blended approach, both in-class and online instruction, showed the most gains in learning.
The result of this study and others add to the body of knowledge about the effectiveness of online and blended learning and confirms a recent U.S. Department of Education 14 report that analyzed research studies for the effectiveness of online instruction. Their findings were that online instruction, especially when used in a blended approach, can be just as effective as face-to-face instruction if sound pedagogical techniques are employed. Teaching techniques that were most successful were time on task, additional learning materials, and opportunities for student collaboration.
While it is important to establish that online instruction is as effective as faceto-face instruction, and our study corroborates this as well, the more important impact comes from students taking a credit course rather than the traditional 'one-shot' instruction session. One-shot instruction sessions by their nature cannot provide students with more than an introduction to basic library skills. 15 Students need sustained use of library research tools to gain IL competencies. 16 In a writing class, such as a freshman composition course, what cannot be taught in a one-class session is the "…essential connections between research contexts and writing processes. 17 " A fifty minute faceto-face session can focus on information retrieval but not on the more broad and complex concepts of seeking background information, identifying key terms and the exploration needed to complement the writing process in a recursive manner. Badke 18 also notes that information literacy competencies take more time and practice than can be garnered in a one-shot or 50 minute class session. As Owusu-Ansah 19 describes in his well cited paper, information literacy encompasses a broader set of concepts surrounding use of information, such as synthesizing information, evaluating info sources and using information in a legal and ethical manner.
Wang, 20 in his study that measured the effectiveness of a credit course, found that students who participated in a library credit course used more scholarly sources in their papers and received higher grades on their papers a year after taking the course. A comparison of the learning outcomes of students in an online information literacy credit course and the same course offered face-to-face at the University of Rhode Island showed that the online students performed as well as students in the face-to-face course. 21 An earlier iteration of the information literacy assessment at URI Libraries and faculty anecdotes demonstrated that the credit course was valuable in gaining information literacy competencies. 22 Mulherrin et al. 23 describes the impact of a required online credit course at the University of Maryland University College that was developed for the General Education Program. While the ratio was 1/100 instructor/students in the online information literacy course, librarians agreed that, to provide a "a systematic information literacy education that is accessible to all," the course must be a required credit course. Analysis of the pre-and post-tests showed that the students made significant improvement on the post-test (17-18 percentage points) The authors concluded that providing a credit course online can be a successful method for teaching students information literacy. Through the student evaluations, the authors learned that students wanted to take the course to receive credit toward their degrees.
Others have argued that there are many barriers to teaching a library credit course.
It is often quite difficult to introduce a new credit course into the curriculum, especially into a general education program. 24 However, if the library does succeed in offering credit courses, this can add validation that the library is part of the teaching academy and can increase the status of librarians as faculty. 25 Additionally, many libraries face resource constraints with insufficient staff to create and teach a credit course. 26 Another concern expressed by both librarians and teaching faculty moving away from face-to-face instruction to online learning is a loss of personal contact with librarians and losing a connection to the library as place.
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There are other considerations to be made when determining best use of staff resources. For example, it takes considerable time and money to develop online tutorials and courses, and there is a need for continual updating. 28 However, online courses are continuing to grow; and, for some academic libraries, there is a campus push to create more online courses. 29 While extra time and effort is necessary in developing and implementing an online course, over time, maintenance of the online course can save the time of the instructor and provides students with much more flexibility and convenience to fully explore and learn information literacy techniques and principles. 
Control Group: Twenty-eight students enrolled in English 101 who did not receive any type of information literacy instruction but did participate in preand post-testing. These students were recruited by their English instructor and received gift cards as an incentive to complete both the pre-and post-tests.
Treatment Group 1: Three randomly selected sections of English 102 that received instruction from their English Composition instructors. A total of thirty students participated in both pre-and post-testing. These students were recruited by their English instructor and received gift cards as an incentive to complete both the pre-and post-tests.
Treatment Group 2: Three randomly selected sections of English 102 who received instruction from a librarian. A total of thirty-two students participated in both pre-and post-testing. These students were recruited by their English instructor and received gift cards as an incentive to complete both the pre-and post-tests.
Treatment Group 3: Twenty-nine sections of the ORL course. A total of 570 students completed both pre-and posttests. Students were required to complete the tests as part of their coursework.
The development of the pre-and posttests, including the assessment of the reliability and validity of individual test items, is addressed in Mery, Newby, and Peng. 31 This study shows that test items had a high reliability rating and were correlated to SAILS, a standardized test of information literacy. Test items were not specific to the ORL course but rather consisted of information literacy items that were more global in nature.
The pre-test consisted of twenty-five multiple-choice questions, while the posttest consisted of forty multiple-choice questions. Both tests were administered online through the university's course management system, Desire to Learn. Students had two hours to complete the tests, which could only be taken once.
Dimitrov and Rumrill 33 point out that this pre-test/post-test research design suffers from two types of threats to internal validity (maturation and history) and one major threat to external validity (the interaction of pre-testing and treatment). A maturation threat occurs when the observed effect or difference is due to participants growing older, more experienced, and more skillful between the pre-test and post-test and not as a result of the treatment. These factors are controlled in this study and will be addressed in the analysis.
Results and Discussions
The authors analyzed the data using the SPSS statistical package. The assumption for the analysis of covariate (ANCOVA) was violated due to variability in the pretest. Instead, a more complicated two-way repeated-measures analysis of variance (ANOVA) was conducted to evaluate the changes or gains that occurred to each group from the time of the pre-test to the time of the post-test. The independent variable, or between-subject factor, was the four groups; and the dependent variable, or within-subject factor, was students' scores in the pre-and post-tests.
A total number of 660 students participated in both the pre-and post-tests. A significance level of .05 was chosen since there were an uneven number of participants in each group. The two-way ANOVA showed that there were significant differences in students' average IL performance among the four groups: F(3,656) = 23.85, p < .001. There was also significant difference between the overall pre-test scores and post-test scores: F(1,656) = 25.75, p < .001. The interaction between the student groups and tests was also significant: F(3,656) = 32.23, p < .001. Conceptually, a significant interaction is observed when the change or gain one group makes is statistically much greater than the other group(s). Interaction also occurs when one group makes improvement from pre-test to post-test while another group deteriorates. No interaction is observed if the change, or gain, in one group is the same as the change or gain in the other groups. In this case, the significant interaction between the student groups and tests suggested different levels of change or gain from pre-test to post-test among the four treatment groups. However, this significant interaction did not reveal which group means differ and how much the means differ from each other. To address these questions and understand what contributed to the significant interaction, we conducted a series of follow-up analyses and post hoc comparisons.
The mean scores on the pre-test and post-test for each of the experimental groups and the control group are included in table 1. If we focus on the change that occurred to each group from the time of the pre-test to the time of the post-test, without comparison, no significant difference was observed in the IL skills of students in the control group (F(1,27) = 0.24, p = .626) or Treatment Group 1 (F(1,29) = 0.02, p = .877). However, we did find significant acquisition of IL skills among students in Treatment Group 2 (F(1,31) = 13.15, p = .001) and Treatment Group 3 (F(1,569) = 805.40, p < .001). In other words, only students in Treatment Groups 2 and 3 made significant progress or achievement in their IL skills.
If we focus on students' overall performance on both tests, all groups performed equally poorly at the time of the pre-test and there were no significant differences among the four cohort groups: F(3,659) = 0.48, p = .698. However, students' IL performance was significantly variant Figure 1 provides a graphic presentation of the changes in scores between the pre-and post-tests. By comparing students' scores in the pre-and post-tests, we note that only students in Treatment Groups 2 and 3 made significant progress in their IL skills. No significant change occurred in the control group or Treatment Group 1. Further results indicated that, prior to receiving any IL instruction at the beginning of the semester, students in the four cohort groups had equally poor IL skills (M < 51.50%) and there were no significant difference among these students.
We conducted the same data analyses on each skill area for all cohort groups (see figure 2) . All students performed similarly on the pre-test in all eight areas of the IL Skills, but at the time of the post-test, students in Treatment Group 3 performed significantly better than all the other groups in all eight IL Skill areas. From the time of the pre-test to the time of the post-test, students in all four cohort groups made significant improvement in IL Skill 6 (Evaluating Sources). This suggests that this skill might be acquired by students through other means, perhaps on their own. Similarly to their overall information achievement, students in Treatment Group 2 were not consistent in their development of IL Skills. At the time of the post-test, they outperformed the Control Group in IL Skills 3, 5, and 6 and outperformed Treatment Group 1 in Skills 1 and 5, but they failed to demonstrate significantly better performance than these two groups in other skill areas. When we focus only on the change or progress that occurred to each group, students in Treatment Group 3 made significant progress in all IL Skills except for Skills 4 and 7. These students scored high marks in the pre-test in these same skill sets, so there was little room left for progress in Skills 4 and 7. Students in Treatment Group 2 were able to make significant progress only in IL Skill 3. No other significant acquisition was observed in IL skill areas for students in the Control Group or Treatment Group 1 except for Skill 6.
Discussion
The results of this study affirm the two research questions we set out to answer: 1. The type of IL instruction does affect student learning outcomes; 2. The type of instruction students receive affects skill sets differently. The low scores on the pre-test indicate that incoming students enter the university with a need to develop their IL skills. Post-test results show that students do not acquire IL skills on their own even when they are given a research assignment and IL instruction from their English Composition instructor as part of their regular coursework. Students who attended a one-shot librarian-taught session did show some significant gains; however, these gains were not as great as those by students who participated in the online course. These results indicate that IL skills are complex, cognitively challenging skills that need repeated application and practice, ideally as a formal course. The results also show that such a course can be effective when it is delivered fully online.
A great benefit of this study was the ability to test students over a longer period of time compared to similar studies where testing is done immediately after the instruction. This type of testing often leads to conflicting conclusions as to whether results indicate simple memorization of subject matter recently presented or long-term retention of concepts and skills. Since we were able to test students over the course of an entire semester, we can be more confident that students in the ORL course will be able to apply these IL skills when needed in the future.
Results of the study indicate that the one-shot session was helpful in delivering some IL skills and strategies, but it was Pre-test Post-test
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not consistently effective. The one-shot sessions focus on databases and searching and retrieving articles, and these are the areas where students showed the most improvement. Students who participated in the one-shot session did not make significant gains in other skill areas. Comparatively, students who participated in the ORL course showed improvement in all skill areas. As mentioned earlier, all student groups showed improvement in the area of evaluating sources. Many of these questions focus on the evaluation of Web resources. Anecdotal evidence of past student comments and evaluations has shown that students feel comfortable evaluating Web sites and that they have received previous instruction in this area. Since students spend so much time on the Web and use many Web resources for their paper, it makes sense that they have developed these skills on their own. It should be noted that ORL course students did not show significant improvement in Skills 4 and 7 (Using Finding Tool Features and Documenting Sources). A possible explanation for the lack of progress in Skill 7 is that different English instructors place different emphasis in the documenting of sources. That is, some instructors require strict adherence to a specific citation style (usually, Modern Language Association) while others ask only that the sources be listed in some uniform manner. The explanation for why students did not show significant improvement in Skill 4 is more troublesome. Since the questions used on the pre and post-tests were different but comparable, it is possible that the pre-test questions were more difficult than those on the post-test. It is also possible that students did not use the tools enough to recall specific functions of features. Many of these questions focused on databases that students were asked to use later in the semester. Perhaps, since many students had already completed their research for their English course, they did not see a need to use additional databases. We will need to review these questions again and check their reliability and validity.
Limitations
There are several factors that could have influenced the results and which should be discussed. First, the test, being a multiplechoice test, is limited in what it can tell us about students' information literacy skills. Although test items were matched to skill sets and addressed different levels of cognitive ability from knowledge to analysis, they remain limited in their ability to measure student performance. For example, items cannot measure how efficient a student is at using a particular database or how well they incorporate a particular source into their research paper. To address these and other higher-order skills, the authors have conducted a study that analyzes students' annotated bibliographies. Second, there was variation in terms of the instruction that students received via their English instructors. All three English instructors were experienced and had been trained by librarians in the past. They all brought their students to the library and conducted a library session. However, researchers did not observe these sessions or gather input about them. It is possible that some instructors continued to give their students more direct instruction in information literacy while others only had the one session.
There was also variation in the difficulty of the test items. To avoid the effect of repeated testing, different sets of questions were created for pre-and post-tests and were used with student groups. This research design was also used because items were being tested for validity and reliability as they were being administered to students to determine learning outcomes. In future research, we suggest that the validity and reliability of test items be tested and validated before any assessment of learning, that all students receive the same items across the cohort groups, and that items are distributed evenly in terms of difficulty level.
Finally, another factor that may have impacted test results was student motivation to do well on the test. For students in the ORL course, both the pre-and posttests had points toward the final grade associated with them. However, students in the other groups did not have this grade incentive. Instead, they received a gift certificate for completing both the pre-and post-tests.
Conclusion
Pre-and post-tests were administered to 1,400 students in a freshman English composition course using three different modes of instruction. Results showed that students enrolled in the online information literacy course showed a significant improvement in their information literacy skills in a post-test compared to students who received their IL instruction in a one-shot session or through their English Comp grad teaching assistants. In addition, students in the online course performed significantly better in all eight IL skills compared to all test groups.
These results show that information literacy is best taught through a welldesigned online course where students have multiple opportunities to engage with information literacy concepts that they can apply in their English 102 courses and other courses in which they may be enrolled. As a result, the Library Dean and Instructional Services Team Leader were instrumental in advocating to the administration to make the library a credit-bearing academic unit. The online course offers a viable alternative to the face-to-face oneshot session. As Owusu-Ansah 34 observes, academic librarians must take up the role of teachers and demand that more time
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knowledge of freshmen and to understand what kinds of improvements are necessary for instruction, it is necessary to set up a program of longitudinal learning outcomes assessment. The ORL has been offered in each successive semester since the testing began in FY 2010. This testing program will continue in the future. In addition, the authors are interested in learning how well students would do in an "authentic" test of learning, such as how students performed in applying their learning to researching and documenting sources for their term papers.
and focus be given to information literacy to teach information literacy concepts as opposed to focusing on teaching bibliographic search tools and information retrieval. It does require a thoughtful course design based on best practices in online instructional design, the capacity to create online learning modules, and the ability to hire, train, and supervise graduate teaching assistants to meet the need of multiple sections.
Implications for Future Research
As noted by Fain, 35 to establish a baseline for expectations of the incoming IL
Notes

